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(54) Auxiliary drive and reduction gear apparatus 

(57) -An auxiliary drive and reduction gear appara- 
tus (6) for bicycle is provided wherein a reduction gear 
of the traction roller type (7) is adopted, and the contact 
pressure between the outer peripheral surfaces ot the 
traction rollers and the outer peripheral surface of the 
rotatable shaft (4) and the inner peripheral surface of 
the outer ring (20) is controlled corresponding to the 
torque to be transmitted, so that the battery is less 
exhausted and that the traveling distance of the electri- 
cally power augmented bicycle is prolonged. 
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Description 

Field of the Invention 

.5 The present invention is related to an auxiliary equipment of driving force to be installed in a drive system of an 

electricaJly power augmented bicycle which has an electric motor and is capable of reducing pedaling forces for the 
pedals of the bicycle whereby the number of revolutions of a rotatable shaft of the electric motor is reduced before trans- 
mitting to the pedal shaft. ^ 

10 Background of the invention 

Recently becoming popular is an electrically power augmented bicycle which utilizes the power of an electric motor 
to reduce the pedaling forces of the rider to the pedals of the bicycle, so that even the rider with weak power can ride 
up along the slope, and that the fatigue of the rider is reduced. 

IS The structure of the electrically power augmented bicycle is disclosed for example in Japanese Patent First Publi- 
cation Toku Kai Hei7-95744. In the electrically power augmented bicycle as describal in this publication, as shown in 
Rg. 1 . a pedal shaft 3 is rotatingly driven through a pair of cranks 2 by pedaling a pair of pedals 1 (see Fig. 2) cjf the 
bicycle (not shown) to produce a torque. In the auxiliary equipment of driving force for bicycling installed in the bicycle, 
a driving force is added to the pedal shaft 3. such that the driving force lias a magnitude corresponding to the torque 

20 applied through the pedals 1 and is added to the torque through the pedals 1 . 

The auxiliary equipment of driving force for bicycle comprises a battery (not illustrated), an plectric motor 5 (see 
Figs. 2. 3 and 6) to rotate its rotatable shaft 4 in a predetermined direction based on the electric power from the battery, 
and a reduction gear apparatus 31 provided between the rotatable shaft 4 of the motor 5 and the pedal shaft 3. The . 
reduction gear apparatus 31 contains a planetary roller type reduction gear 32. 

2S The reason for using the reduction gear apparatus 31 containing the planetary roller type reduction gear 32 for the 
auxiliary equipment of driving force is as follows; 

In order to secure the efficiency of the motor 5 and to prolong the We of the battery so as to make the traveling 
length long, the motor 5 must be rotated at a high speed. The term "traveling length" means the "traveling length with 
an auxiliary power used" throughout the present specification. 

30 On the other hand^. the driving force for rotation must be applied to the pedal shaft 3 at a relatively low speed and 
with a large torque. Therefore, the reduction gear apparatus 31 is provided between the electric motor 5 and the pedal 
shaft 3 to reduce the rotating speed of the rotatable shaft 4 of the motor 5 and to increase the torque for transmission 
of the torque to the pedal shaft 3. 

The reduction gear of the planetary roller type 32 is placed at the first stage of the reduction gear apparatus 31 to 

35 prevent uncomfortable noise from being produced from the reduction gear apparatus 31 . 

Specif ically,. the speed reduction apparatus using "gears" such as the planetary gear type has a good transmission 
efficiency but produces jarring high frequency noise during high speed operation. Accordingly, the first stage in the 
reduction gear apparatus having the highest operation speed is desirably provided witii the reduction gear of the plan- 
etary roller type 32 witii low noise so that tiie noise produced during the operation of the reduction gear apparatus 31 

40 is reduced. 

Incidentally, ttie auxiliary equipment of driving force for bicycle described in Japanese Patent First Publication Toku 
Kai Hei7-95744 is provided with a reduction gear of the planetary roller type 32 at the first stage, with a reduction gear 
of the bevel gear type 33 at the intermediate stage, and with a reduction gear of tiie planetary gear type 34 at tiie final 
stage. Disposed between the reduction gear of the planetary roller type 32 and tiie bevel gear type reduction gear 33 

45 is a one way clutch 35 such as roller clutch which can afford to transmit tiie rotation force only to the pedal shaft 3 from 
the motor 5. The one way clutch 35 is utilized to separate ttie pedal shaft 3 from the rx>tatable shaft 4 of tiie motor 5 to 
prevent the existence of tiie motor from being a resistance against tiie running in tiie state of running without pedaling 
such as inertia moving, downward riding. 

The reduction gear of the planetary roller type 32 having tiie auxiliary equipment of driving force for bicycle as 

50 described in Japanese Patent Rrsl Publication Toku Kai Hei7-95744 comprises a hoising 36 fixed so as to cover tiie 
end of ttie rotatable shaft 4 of tiie motor 5. four support shafts 37 provided in parallel witii tiie rotatable shaft 4 around 
the rotatable shaft 4 wittiin the housing 36. four planet rollers 38 rotatably supported by the support shafts 37. and an 
outer ring 39 having a cylindrical inner surface and fixed to a portion sun-ounding tiie planet rollers 38 wrthin tfie housing ' 
36. Disposed to support tiie support shafts 37 is a connecting member 40 which can function as an output shaft of the 

55 reduction gear of tiie planetary roller type 32. so that tiie spinning action of the planet rollers 38 can be taken out as a 
rotating output of the reduction gear of the planetary roller type' 32. 

The outer peripheral surfaces of ttie planet rollers 38 are abutted to the outer peripheral surface of ttie rotatable 
shaft 4 of the motor 5 and the inner peripheral surface of the outer ring 39. 
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In the case of the auxiliary equipment of driving force for bicycle as disclosed in Japanese Patent Rrst Publication 
Toku Kai Hei7-95744, it is hard to make high the efficiency of transmission of the reduction gear of the planetary roller 
type 32 In the whole range, which is a bar in making long the traveling distance of the electrically power augmented 
bicycle. This reason is as follows: 

s The outer peripheral surfaces of the planet rollers 30 must not slip on the outer peripheral surface of the rotatable 

shaft 4 of the motor 5 and on the inner peripheral surface of the outer ring 39 at the contact portions to secure the effi- 
ciency of transmission of the reduction gear of the planetary roller type 32. In addition, the contact pressure between 
the pairs of the peripheral surfaces at the contact portions rriust be made large to avoid the slip at the contact portions. 
Accordingly, in the/eduction gear of the planetary roller type 32 installed in the conventional auxiliary equipment of driv- 

10 ing force for bicycle, the planet rollers 38 are provided under pressure in interference fitting between the outer peripheral 
surface of the rotatable shaft 4 of the motor 5 and the inner peripheral surface of the outer ring 39 to secure the contact 
pressure at the contact portions- 
Provided that the contact pressure is constant, as the torque transmitted through the reduction gear of the plane- 
tary roller type 32 is larger, the surface portions at the contact portions are easier to slip. Accordingly, conventionally, 

IS the contact pressure is controlled to be large, so that the surface portions at tiie contact portions do not slip with refer- 
ence to each other even in the state where the torque transmitted through the reduction gear of the planetary roller type 
32 is at a maximum as in riding upward along the steep slope. However, when the contact pressure is larger between 
the peripheral surfaces in rolling contact, the rolling resistance Is larger, so that the power loss in the reduction gear of 
the planetary roller type 32 is larger. 

20 Specifically, in the state such as in riding along a flat land at a constant speed where the torque transmitted through 
the reduction gear of the planetary roller type 32 is small and there is no possibility of relative slip between the surface 
portions at tiie contact portions even with a low contact pressure, an excessive contact pressure is applied to the con- 
tact portions, so that the loss inside the reduction gear of the planetary roller type 32 is larger, Consequerrtiy, ihe trans- 
mission efficiency is low at the constarrt speed along the flat land, which is the most typical traveling style, so that the 

25 battery to supply power to the motor 5 is outstandingly exhausted. As a result, it is hard to prolong tiie traveling distance 
of tiie electrically power^augmented bicycle. 

Summary of the Inverrtion 

30 An objective of the present invention is to provide an auxiliary equipment of driving force for bicycle wherein a 
reduction gear of the fraction roller type having a structure different from the reduction gear of the planetary roller type 
is adopted taking into consideration the circumstances above, where the contact pressure between the outer peripheral 
surfaces of the traction rollers and the outer peripheral surface of the rotatable shaft and the inner peripheral surface of 
the outer ring is confrplled corresponding to the torque to be transmitted, so that tiie battery is less exhausted and tiiat 
' 35 the traveling distance of ttie electrically power augmented bicycle is prolonged. 

Brief Description of the Drawinos 

Fig. 1 is a diagrammatic cross sectional view of a conventional structure of the auxiliary equipment of driving force 
40 for bicycle. 

Fig. 2 is a diagrammatic perspective view of a first example of the embodiments in the present invention. 

Fig, 3 is a partial cross sectional view taken along the line Ill-Ill of Fig. 2. 

Fig. 4 is a cross sectional view taken along tiie line I V-IV of Fig. 3 part of which is omitted. 

Fig. 5 is a diagram showing a difference between the transmission efficiency of a reduction gear of the traction roller 
45 type installed in the auxiliary equipment of driving force for bicycle of the present invention and the transmission effi- 
ciency of a reduction gear of tiie traction roller type used in tiie prior art. 

Fig. 6 is a partly cross sectional, side elevational view of a second example of the embodiments in the present 
invention. 

Fig. 7 is a cross sectional view taken along tiie line VII-VII of Rg. 6 with a portion omitted where the cross section 
so is changed in position partly . 

Fig. 8 is an enlarged view of Portion VIII in Rg. 7. 

Fig. 9 is a diagrammatic cross sectional view of a tilted wedge roller. 

Fig. 10 is a partially cross sectional, side elevational view of a third example of the embodiments in the present 
invention. 

55 Fig. 11 is a bottom plan view of the example of Fig. 10.. 

Fig. 12 is a cross sectional view taken along tiie line XII-XII of Fig. 10 with the cross section changed in position 
partly. 

Fig. 13(A) is a bottom plan view of a connecting ring viewed from the lower side in Fig. 10. 
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Rg. 13(B) is a cross sectional view taken along the line XIII-XIII of Rg, 13(A). 
Rg. 14(A) is a view of a thrust washer viewed from the lower side in Fig. 10. 
Rg. 14(B) is a cross sectional view taken along the line XIV-XIV of Rg. 14(A). 

Rg. 15(A) is a graph showing a relationship between the traveling speed and the magnitude of auxiliary power- 
5 Rg. 15(B) is a graph showing another relationship between the traveling speed and the magnitude of auxiliary 

power. 

Rg. 16 is a diagrammatic cross sectional view of another example of the embodiments in the present invention. 
Rg. 17 is a cross sectional viem taken along the line XVII-XVII of Rg. 1 6 

Rg. 18 is a diagrammatic cross sectional view of another example of the entDodiments in the present invention. 
10 Rg. 19 is a cross sectional view of an upper portion of Rg. 18. 

Rg. 20 is diagrammatic cross sectional view of another example of the embodiments in the present invention: 
Rg. 21 is a cross sectional view of the wedge roller in a tilted state. 
Rg. 22 is a partial cross sectional view similar to Rg. 3. 

Rg, 23 is a diagrammatic cross sectional viw to show a relation between the guide rollers and wedge roller. 
15 Rg. 24(A) and Rg. 24(B) are a diagrammatic cross sectional view to show a relation between the central roller and 
the wedge and guide rollers. 

Rg. 25 is a diagrammatic cross sectional view to show a relation between tiie guide rollers and wedge roller in the 
four intermediate roller arrangement. 

Rg. 26 is a diagrammatic cross sectional view to show a relation between the guide roller and wedge roller on the 
. 20 two intermediate roller arrangement 

Rg. 27 Is a scherhatic view in the direction as in Fig. 4 to explain the wedge angle., 
' Rg. 28 is a graph to show a relation between the wedge angle and the transmission efficiency. 

Detailed Description of the Invention 

25 . 

The auxiliary equipment of driw'ng force for bicycle of the present invention comprises, as in the auxiliary equipment 
of driving force for bicycle as disclosed iri Japanese Patent Rrst Publication Toku Kai Hei7-95744. a pedal shaft which 
is rotatingly driven through a pair of cranks by pedaling a pair of pedals of the bicycle to produce a torque, a battery and 
an electric motor to rotate its rotatable shaft in a determined direction based on the power from the battery, and a reduc- 

30 tion gear apparatus provided between the rotatable shaft of the motor and tiie pedal shaft, such that tiie driving force 
having a magnitude corresponding to the torque applied through the pedals is applied to the pedal shaft together with 
the torque through the pedals. 

The reduction gear apparatus includes a reduction gear of the traction roller type which is different from tiie reduc- 
tion gear of the planetary roller type installed in the auxiliary equipment of driving force for bicycle as described in Jap- 

35 anese Patent First Publication Toku Kai Hei7-95744. and comprises a housing fixed to cover the end of tiie rotatable 
shaft of the motor, a plurality of (desirably three or rnore) pivot shafts or support shafts provided around the rotatable 
shaft within tihe housing and in parallel with tiie rotatable shaft, such that the pivot shafts or support shafts do not spin 
around the rotatable shaft' a plurality of (desirably tiiree of more) intermediate rollers or traction rollers rotatably sup- 
ported by the pivot shafts or support shafts, respectively, an outer ring provided witiiin the housing to surround the inter- 

40 mediate rollers or traction rollers, such that at least the inner peripheral surface tiiereof is formed in a cylindrical surface, 
and.an output shaft provided concentric with the outer ring and having one end securely f ixed to the outer ring and rotat- 
ably supported by tiie housing. The'outer peripheral surface of each of the intermediate rollers or traction rollers is abut-' 
ted to the outer peripheral surface of ttie portion rotating together witii the rotatable shaft and to tiie inner peripheral 
surface of the outer ring. 

45 In particular, in the auxiliary equipment of driving force for bicycle of the present invention, the center of the rotata- 
ble shaft is eccenti-ic with respect to the output shaft and to tiie center of the outer ring, so that an annular internal space 
existing to accommodate tiie intermediate rollers or traction rollers between tiie outer peripheral surface of the portion 
rotating togetiier with the rotatable shaft and tiie inner peripheral surface of the outer ring, has a width size which is not 
uniform in the circumferential direction. In addition, at least one of the intermediate rollers or traction rollers is used as 

so a wedge roller which is supported to be slightiy displaced at least in the drcumferentiai direction within tiie annular inter- 
nal space ard the otiier intermediate rollers or fraction rollers are used as guide rollers. When the rotatable shaft and 
the outer ring are rotated in a predetermined direction, tiie at least one of tiie intermediate rollers or traction rollers used 
as a wedge roller is movable toward the portion with a narrow width in tiie annular internal space. 

With the auxiliary equipment of driving force for bicycle of the present invention, the rotation of the rotatable shaft 

55 of tiie motor is transmitted to the intermediate rollers or traction rollers through tiie contact portions on tiie inner diam- 
eter side between tiie outer peripheral surfece of the portion rotating with the rotatable shaft and tiie outer peripheral 
surfaces of the intermediate rollers or traction rollers. In addition, the rotation of the intermediate rollers or fraction roll- 
ers is fransmitted to the outer ring through the contact portions on tiie outer diameter side between tiie outer peripheral 
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surfaces of the intermediate rollers or traction rollers and the inner peripheral surface of the outer ring. Thus, the output 

shaft securely fixed to the outer ring is rotated to apply auxiliary torque to the pedal shaft. 

The pedal shaft is provided with torque through pedaling, and as the motor is turned on. the rotatable shaft and the 

outer ring rotate in the predetermined direction, and then the at least one intermediate roller or traction roller moves as 
5 a wedge roller toward the portion with a narrow width in the annular internal space between the outer peripheral surface 

of the rotatable shaft and the inner peripheral surface of the outer ring. 

As a result, the outer peripheral surface of the at least one intermediate roller or traction roller as the wedge roller 

is urged to strongly push the outer peripheral surface of the rotatable shaft and the inner peripheral surface of the outer 

ring, so that at the contact portion on the inner diameter side between the outer peripheral sur^ce of the rotatable shaft 
10 and the outer peripheral surface of the wedge roller and at the corttact portion on the outer diameter side between the 

outer peripheral surface of the wedge roller and the inner peripheral surface of the outer ring, the contact pressure 

becomes high. 

The contact pressure is high at these contact portions on the inner and outer diameter sides, and at least one of 
the rotatable shaft and the outer ring is slightly displaced in their diametrical direction, so that at the contact portions on 
IS the inner diameter side between the outer peripheral surface of the rotatable shaft and the outer peripheral surfaces of 
the other intermediate rollers or traction rollers i.e. guide rollers, and at the contact portions on the outer diameter side 
between the outer peripheral surfaces of these guide rollers and the inner peripheral surface of the outer ring, the con; 
tact pressure becomes high. - 

The force for causing the wedge roller to move toward the portion with a narrow width in the annular internal space 
20 changes corresponding to the magnitude of the torque transmitted to the outer ring from the rotatable shaft. Specifically, 
the larger the torque, the larger that force and the larger the contact pressure at the outer and inner diameter sides. On 
the contrary, if the torque is small, the contact pressure at the contact portions on the outer and inner diameter sides is 
small. . / 

In the auxiliary equipment of driving force for bicycle of the present invention, when the torque transmitted through 
25 the reduction gear of the traction roller type is small, the contact pressure can t^e made small at the contact portions 
while when this torque is large, the contact pressure can be made large at the contact portions. Accordingly, even when 
the torque to be transmitted is large, the contact portions are efficiently presented from slipping while when the torque 
to be transmitted is small, the rolling resistance acting on the contact portions can be kept small. As a result, the trans- 
mission efficiency of the reduction gear of the traction roller type is made high throughout the range, and the battery for 
30 providing the motor with electric power is prevented from being exhausted, so that the traveling distance of the electri- 
cally power augmented bicycle is longer.' 

It should be noted hare that the guide rollers require a play for bearing clearance due to the following reasons. 
In order to produce an internally balanced load In the three rollers, the following actions are necessary. 

35. (1) the wedge roller moves into the narrow internal space portion; 

(2) the input shaft is displaced by the wedge roller so that the guide rollers come into contact with the outer ring. 

(3) if there is no play in the guide rollers, the guide rollers would not coriie Into contact with the outer ring in some 
cases. 

40 In the case of two wedge rollers and a single guide roller, the relationship between the input shaft support bearing 

clearance 61, guide roller support bearing clearance 82 and outer ring support bearing clearance 63 is 62 < 82 < 61 so 
as to prevent any slip between them, wherein the optimum values of 61 and 62 is 25 \i.m to 100 ji. 

In addition, the internal space must be provided with grease. The amount of grease filled in is for example 4g which 
is up to 10% of the internal space in volume. 
45 Traction oil having a viscosity of 20 to 1 00 cst/40**C. 2 to 1 0 cst/1 00**C can be used. 
Traction grease having a consistency from atxiut 350 to about 400 can be used. 

Now the present invention is further detailed in the following examples of the embodiments referring to the drawings 

attached. 

Figs. 2 to 4 illustrate a first example of the embodiments of the present invention. 

50 The auxiliary equipment of driving force for bicycle of the present invention is characterized in that the contact pres- 
sure at the contact portions is changed corresponding to the torque of the rotating driving force transmitted through the 
reduction gear of the traction roller type, the transmission efficiency of the reduction gear of the traction roller type is 
kept high regardless of varying torque in the rotating driving force. Therefore, the following description is made basically 
at30ut the structure and function of the portions of the reduction gear of the traction roller type. 

55 The auxiliary equipment of driving force for bicycle of the present invention, as briefly shown in Fig. 2. comprises a 
pedal shaft 3 which is rotatingly driven with a torque through a pair of aanks 2 (only one illustrated) by pedaling a pair 
of pedals 1 (only one illustrated) of the bicycle (not shown). With the auxiliary equipment of driving force of the present 
invention, a driving force having a magnitude corresponding to the torque applied through the pedals 1 is added to the 



5 



EP 0 856 462 A2 



torque through the pedals 1 . For this, the auxiliary equipment of driving force for bicycle of the present invention is 
equipped with a battery (not shown) and an eiectric motor 5 having a rotatafale shaft 4 which is rotated in a determined 
direction based on electric power from the battery, and a reduction gear apparatus 6 provided between the rotatable 
shaft 4 of the motor 5 and the pedal shaft 3. 

5 The reduction gear apparatus 6 is provided at its first stage with a reduction gear of the traction roller type 7 and at 

its intermediate and final stages with reduction gears 8, 9 using gears, which are arranged in series in the direction of 
power transmission. The reduction gear 8 at the intermediate stage comprises two helical gears 10a, 10b. larger and 
smaller ones, in an interioddng relationship with each other. The reduction gear 9 at the final stage comprises two bevel 
gears 11a. 11b. larger and smaller ones, in an interlocking relationship with each other. Incidentally, taking Installation 

10 space etc. Jnto consideration, the reduction gears 8. 9, at the intermediate and final stages can be selected from the 
group of planetary gear type, belt type, and anotiier types conventionally known in the art. 

The reduction gear of the traction roller type 7 characterizing the present invention comprises a housing 1 2 fixed to 
the frame etc. (not shown) to cover tiie end portion of the rotatable shaft 4 of the motor 5, and the boilsing 12 comprises 
a main body 1 3 in a bottomed cylindrical shape and a cover 1 4 to close the opening at the base end portion of the main 

15 body 13. 

The rotatable shaft 4 of the motor 5 has a tip end portion which Is extended tiirough the tiirough hole 24 formed in 
a substantially central portion of tine cover 14 and inserted into housing 2. The through hole 24 is placed at a position 
slightly separated from the center of the cover 14. In addition, a bearing 15 is provided between tiie inner peripheral 
surface of the through hole 24 and tiie outer peripheral surface of the rotatable shaft 4 at the intermediate portion 
20 thereof. 

Provided around the rotatable shaft 4 witiiin the housing 3 are three support shafts 16. 16a which are arranged in 
parallel with the rotatable shaft 4. Specifically, the support shafts 16, 16a have one end portion (upper end portion in 
Fig. 3) supported by the cover 14 and the other end portion (lower end portion in Rg. 3) supported by the connecting 
ring 17. 

25 With the three support shafts 1 6, 1 6a. two support shafts 16 have the opposite end portions securely fitted into or 
inserted without play into the fitting hole provided in the cover 14 and the connecting ring 17. respectively Accordingly 
the two support shafts 16 are never displaced in the circumferential and diamefrical directions within the housing 12. 

On the other hand, the remaining support shaft 16a is supported such that tiie opposite end portions of the support - 
shaft 1 6a can be slightiy displaced in the circumferential direction and, if required, in the diametrical direction within the 
30 housing 12 with reference to the cover 14 and tine connecting ring 17. 

Accordingly, in a portion of the cover 14 and the connecting ring 17 in alignment with the opposite end portions of 
the support shaft 16a, engagement grooves having a long arcuate shape and extending in the circumferential direction 
of the housing 12 or support holes (not shown in Rgs. 2 to 4) having a larger inner diameter than the outer diameter of 
the opposite end portions of the support shaft 1 6a are formed, such tiiat the opposite end portibris of the support shaft 
-55 16a is loosely engaged with the engagement grooves or support holes, respectively Rotatably supported around tiie 
intermediate portion of the support shafts 1 6, 1 6a through the bearing 1 9 (look at Rg. 3, not shown in Fig. 4) are a 
wedge roller 1 8a and guide rollers 1 8b, 1 8c which are a traction roller, respectively 

A projection 28 is provided at a location displaced from the wedge roller 1 8a and guide rollers 1 8b. 1 8c on a portion 
of the inner surface (the lower surface in Fig. 3) of the cover 14 and projected in the space where the wedge roller ISa 
40^ and guide rollers 18b, 18c are set A portion of the connecting ring 17 is connected to the projection 28. 

Rotatably provided witiiin tiie housing 1 2 and at a portion surrounding tiie wedge roller 1 8a and guide rollers 18b, 
18c is an outer ring 20 in a bottomed cylindrical shape which comprises a cyliridrical portion 21 and a disc portion 22 
to close the opening at one end (lower end in Fig. 3) of the cylindrical portion 21. The Iriner peripheral surface of tiie 
cylindrical portion 21 is formed in a smooth cylindrical surface and can come into contact with the outer peripheral sur- 
45 tace of the wedge roller 1 8a and guide rollers 18b, 1 8c which are also made smooth. 

An output shaft 23 is securely connected at its base end portion (upper end portion in Rg. 3) to the outside surface 
of the disc portion 22 (lower surface in Fig. 3), tiiat is to the surface on the side opposed to the space where tiie wedge 
roller 18a and guide rollers 18b, 18c are set. 

Provided in tiie central portion of the main body 13 of the housing 12 is a second tiirough hole 25 through which 
50 the output shaft 23 extends and projects out of the housing 12. 

Provided between an outer peripheral surface portion of the output shaft 23 closer to the t>ase end tiiereof and the 
inner peripheral surface of the second tiirough hole 25 is a bearing 26 by which the outer ring 20 and the output shaft 
23 are rotatably supported with respect to the housing 12. 

The output shaft 23 has a tip end portion (lower half portion in Rg. 3) projecting out of the housing 1 2, to which the 
55' smaller helical gear 10b of the reduction gear 8 is fixed. 

The outer peripheral surface of the wedge roller 18a and guide rollers 18b, 18c is abutted to tiie outer peripheral 
surface of the rotatable shaft 4 and to the inner peripheral surface of the outer ring 20. Particularly, in the auxiliary equip- 
ment of driving force for bicycle of the present invention, the center of the rotatable shaft 4 is eccentric with reference 
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to the center of the output shaft 23 and outer ring 20. 

Specifically, the through hole 24 for inserting the rotatable shaft 4 is located at a location slightly separated from the 
center of the housing 12 while the second through hole 25 for Inserting the output shaft 23 is located at the center of 
the housing 12. In addition, the output shaft 23 supported within the second through hole 25 is concentric with the outer 

5 ring 20. Accordingly, the rotatable shaft 4 is eccentric with reference to the outer ring 20 and output shaft 23 by an . 
amount 5 which is a displacement amount of the through hole 24 from the center of the housing 1 2. And. the width size 
^ of the internal space 27 between the outer peripheral surfece,of the rotatable shaft 4 and the inner peripheral surface 
of the outer ring 20 where the wedge roller 1 8a and guide rollers 1 8b. 1 8c are provided, is not uniform In the drcumfer- . 
ential direction by an amount con-esponding to the eccentric amount 5. 

10 The outer diameters of the wedge roller 1 8a and guide roller 1 8b are different from the outer diameter of the guide 
roller 1 8c corresponding to the ^ct that the width size of the inner space 27 is not uniform in the circumferential direc- 
tion. 

Specificaily, the wedge roller 18a and the guide roller (smaller guide roller) 18b are located on the side (left side in Fig. 

4) where the center of the rotatable shaft 4 eccentric with reference to the outer ring 20 Is located, and have the same, 
IS relatively smaller, diameter. On the other hand, the guide roller (larger guide roller) 1 8c is located on the other side (right 

side in Fig. 4) opposite to the side where the center of the rotatable shaft 4 is located, and have a diameter relatively 

larger than the diameter of the wedge roller 1 8a and the guide roller 1 8b. 

The outer peripheral surfaces.of the three traction rollers, that is the wedge roller 1 8a and guide rollers Idb. 18c are 

abutted to the outer peripheral surface of the rotatable shaft 4 and to the inner peripheral surface of the outer ring 20; 
20 respectively. 

Incidentally, ti^e reduction ratio of the reduction gear of the traction roller type 7 is determined by the ratio of the 
outer diameter of the rotatable shaft 4 to tine inner diameter of the outer ring 20, Accordingly, in order to obtain a nec- 
essary reduction ratio, a sleeve may be fitted onto the tip end portion of the rotatable shaft 4, so that the outer peripheral 
surface of the sleeve is abutted to the outer peripheral surfaces of the wedge roller 18a and guide rollers 18b. 18c. 

25 The support shafts 1 6 for supporting the guide rollers 1 8b. 1 8c are fixed into the housing 1 2 while the support shaft 
16a for supporting the wedge roller 18a is supported in the housing 12 to be slightly displaceable in the circumferential 
direction as mentioned above. Accordingly, the wedge roller 18a is also slightly displaceable in the drcumfererttial direc- 
tion within the housing 12. And, when the rotatable shaft 4 is rotated in the predeterntined direction, the wedge roller 
18a rotatably supported by the single support shaft 16a can be moved toward a portion of tiie internal space 27 where 

30 the width is narrow. 

Specif ically, in the illustrated example, the direction in which the components are assembled is controlled such that 
the rotatable shaft 4 is rotated in the clockwise direction as indicated by tiie anow X in Rg. 4 when an auxiliary power 
is applied to the pedal shaft 3. Accordingly, during the application of the auxiliary power, the wedge roller 1 8a and guide 
rollers I8b. I8c are rotated in the counterclockwise direction around the support shafts 16a. 16 as indicated by the 
35 arrow Y in Fig. 4. and the outer ring 20 is rotated also in the counterclockwise direction as indicated by the arrow Z in 
Fig. 4. 

Thus, the single wedge roller 18a is rotated in the counterclockwise direction as indicated by the arrow Y in Fig. 4. 
and the rotatable shkft 4 and the outer ring 20 supporting the wedge roller 1 8a from the opposite sides, specifically from 
the radially inner and outer sides with reference to the housing 12 are rotated as indicated by the arrows-X and 2. so 

40 that the whole wedge roller 1 8a is inclined to be displaced in tiie clockwise direction in Fig. 4 as indicated by Q. 

Specifically, the wedge roller 1 8a receives a force in the direction as indicted by the arrow Q from the rotatable shaft 
4 rotating in the direction as Indicated by the arrow X, and receives a force in the direction as indicated by Q due to the 
reaction exerted from the contact portion between tine wedge roller 18a and the inner peripheral surface of the outer 
ring 20 because the wedge roller 18a is rotated in the direction as indicated by the arrow Y As a result, during rotation 

45 of the rotatable shaft 4, the wedge roller 18a is inclined to move toward the portion of the internal space 27 where the 
width is narrow. 

In the auxiliary equipment of driving force for bicycle of the present invention constructed as mentioned above, the 
rotation of the rotatable shaft 4 of the motor 5 is transmitted to the wedge roller 18a and guide rollers 18b. 18c through 
the respective contact portions 29 on the inner diameter side between the outer peripheral surface of the rotatable shaft 
so 4 and the outer peripheral surface of tine traction rollers, that is the wedge roller 1 8a and guide rollers 1 8b. 1 8c. Further, . 
' the rotation of tiie wedge roller 18a and guide rollers 18b. 18c is transmitted to the outer ring 20 through the respective 
contact portions 30 on tiie outer diameter side between the inner peripheral surface of the outer ring 20 and the outer 
peripheral surface of the traction rollers that is the wedge roller 18a' and guide rollers 18b. 18c. The rotation of the output 
shaft 23 is transmitted to the pedal shaft 3 through the pair of the reduction gears 8, 9 to apply auxiliary power to tiie 
55 pedal shaft 3. " ' . 

As the rotatable shaft 4 and the outer ring 20 rotate in the predetermined direction, the wedge roller 18a rotatably 
supported by the single support shaft 16a moves toward the portion of the internal space 27 where the width is narrow, 
that is in the direction as indicated by the arrow Q, within the internal space 27 existing between the outer peripheral 
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surface of the rotatable shaft 4 and the inner peripheral surtece of the outer ring 20. As a result, the wedge roller 18a 
rotatably supported by the single support shaft 16a strongly pushes at the outer peripheral surfece thereof the outer 
peripheral surface of the rotatable shaft 4 and the inner peripheral surface of the outer ring 20. And. the contact pres- 
sure becomes high at the contact portion 29 on the inner diameter side between the outer periphe-al surface of the 
5 rotatable shaft 4 and the outer peripheral surfiace of the wedge roller Ida. and at the contact portion 30 on the outer 
diameter side between the inner peripheral surfiace of the outer ring 20 and the outer peripherial surface of the wedge 
roller 18a. 

As the contact pressure is increased at the contact portions 29, 30 on the inner and outer diameter sides with 
respect to the single wedge roller 18a. at least one of the rotatable shaft 4 and outer ring 20. which are pushed by the 
10 outer peripheral surface of the wedge roller 18a,, is slightly displaced in a diametrical direction due to the installation 
clearance or elastic deformation etc. As a result, the contact pressure becomes high at the two contact portions 29 on 
the inner diameter side between the outer peripheral surface of the rotatable shaft 4 and the outer peripheral surface of 
, the other two traction rollers, that is the guide rollers 1 8b, 18c. and at the two contact portions 30 on the outer diameter 
side between the inner peripheral surface of the outer ring 20 and the outer peripheral surface of the guide rollers 18b. 
75 18c. 

The wedge roller 18a which is rotatably supported by the single support shaft 16a. is caused to move toward the 
portion of the internal space 27 where thd width is narrow, by the force changing corresponding to the magnitude of the 
torque transmitted from the rotatable shaft 4 to the outer ring 20. Specifically, as the torque applied to the pedal shaft 3 
from the pedals 1 becomes large, and as the driving torque of the rotatable shaft 4 of tiie motor 5 becomes large based 

20 on the signals from the sensor having detected that torque, the force to make the wedge roller 18a move toward the 
portion of the internal space 27 where the width is narrow becomes targe. And, as this force becomes large, the contact 
pressure at the contact portions on the inner and outer diameter sides 29, 30 becomes large. In other words, when the 
driving torque is small, the contact pressure at the contact portions on the inner and outer diameter sides 29, 30 is 
small. , ' ' . 

25 According to the auxiliary equipment of drivirig force for bicycle of the present tiTvention, when the torque transmit- 
ted through the reduction gear of the traction roller type 7 of the reduction gear apparatus 6 is small, the contact pres- 
sure at the contact portions 29, 30 is made small, while when tiiis torque Is large, the contact pressure at the contact 
portions 29 30 is made large. 

Accordingly, even when the torque transmitted is large.^the contact portions 29, 30 are efficientiy prevented from 

30 slipping, while when the torque transmitted is small, the rolling resistance acted on the contact portions 29, 30 can be 
kept small. 

Rg. 5 shows the transmission efficiency of a reduction gear of the traction roller type in the torque range related to 
the auxiliary equipment of driving force for bicycle of the present invention, where the abscissa indicates the transmifted 
torque while the ordinate indicates tiie transmission efficiency, and the curve a with symbols Q dotted in series indi- 

35 cates the transmission efficiency of the auxiliary equipment of driving force for bicyd e of the present invention, tiie curve 
P wfth symbols a dotted in series indicates the transmission efficiency of the auxiliary equipment of driving force for 
bicycle which is not provided with the eccentric structure as in tiie present inverrtion and is subjected to a strong contact 
pressure so as to produce no slip even in the maximum torque range, and the cross hatched area indicates a torque 
range normally used during the constant speed running on the flat land. As clear from Fig. 5. according to the auxiliary 

40 equipment of driving force for bicycle of the present invention, the transmission efficiency in the normally used torque 
range is improved in the order of 2 to 5 points{%), and by that amount, the traveling distance is extended. 

In practice, as required, a return spring is added to the single support shaft 16a dispfaceable in the circumferential 
direction, so that a resilient force is applied to the single support shaft 1 6a in a direction to return to the neutral position, 
where the outer peripheral surface of the wedge roller 1 8a supported by the support shaft 1 6a is lightly contacted to the 

45 outer peripheral surfece of the rotatable shaft 4 and to the inner peripheral surface of tiie outer ring 20. 

The amount of eccentricity 5 and the amount of displacement in tiie circumferential direction of the support shaft 
16a are determined as a design matter taking into consideration the contact pressure required for the contact portions 
29. 30 during torque transmission. * . 

In addition, with tiie reduction gear of the traction roller type installed in the auxiliary equipment of driving force for 

50 bicycle of the present invention, in the state where the rotatable shaft 4 is not rotated witii the outer ring 20 rotated, as 
In inertia riding or downward slope riding, tiie wedge roller 18a is inclined to move toward tiie portion of the internal 
space 27 where tiie widtii is wide. As a result, the contact pressure becomes lower between the outer peripheral sur- 
face of the wedge roller I8a and guide rollers 18b, 1 8c and the outer peripheral surface of the rotatable shaft 4 and the 
inner peripheral surface of the outer ring 20, so that the rotation of the outer ring 20 is not transmitted to the rotatable 

55 shaft 4. Accordingly, in working tiie present invention, the one. way clutch, required in the conventional structures, can 
be omitted.' 

Rgs. 6 to 8 show a second example of the embodiments of the present invention, where the feature of the reduction 
gear of the traction roller type is utilized to omit the one way clutch. 
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In this example, three support shafts 1 6, 1 6a are extended between and supported by the inner surface (lower sur- 
face in Fig. 6) of the cover 14 of the housing 12 and the connecting rinig 17. With the three support shafts 16, 16a, the 
two support shafts 1 6 are used to support the guide rollers 1 8b. 1 8c and fixed by f itting so as not to move with reference 
to the cover 1 4 and connecting ring 1 7. On the other hand, the support shaft 1 6a has an intermediate portion around 

5 which the wedge roller 1 8a is rotatably supported, and the opposite ends of the support shaft 1 6a are loosely engaged 
with the support holes 41, which are formed in the inner surface of the cover 14 and in the connecting ring 17 and have 
an inner diameter larger than the outer diameter of the support shaft 16. 

One portion of the cover 14 is formed with a cylinder hole 42 having ari opening in the inner peripheral surfece of 
the support hole 41. The cyliruler hole 42 is formed simultaneously when the cover 14 is formed through the step of die- 

10 casting aluminum etc. With the cylinder hole 42 formed, the axial dimension of the cover 14 Is effectively utilized for 
easy design of the compact reduction gear of the traction roller type 7. Inserted into the cylinder hole 42 are a resilient 
member 43 having a small elasticity such as compression spring, and a push member 44 biased by the resilient mem- 
ber 43 in a direction to project from the inner peripheral surface of the support hole 41 . The push member 44 at one end 
face thereof is resiliently abutted to the outer peripheral surface of the support shaft 16a supporting the wedge roller 

IS 1 8a. The support shaft 1 6a and the wedge roller 1 8a supported by the intermediate portion of the support shaft 1 6a are 
lightiy pushed toward tiie narrow portion of tiie internal space 27 existing between tiie outer peripheral surface of the 
rotatable shaft 4 and the inner peripheral surface of the.cylindrlcal portion 21 of the outer ring 20. 

Incidentally, the push member 44 serves to prevent the resilient member 43 from falling to keep at an optimum 
value the resilient load applied to the support shaft 1 6a by the resilient member 43. Specifically, when the resilient mem- 

20 ber 43 is tilted within the cylinder hole 42, the direction of action in the resilient load of the resilient member 43 is dis- 
placed, so that tiie resilient load applied to the support shaft 16a can be out of the setting value. Accordingly with the . 
push member 44, the resilient member 43 is prevented from falling to keep at a setting value the resilient load applied 
to the support shaft 16a. Although omitted from the drawings, part of the support shaft 1 6a to which the tip end face of 
the push member 44 is abutted is formed with a flat surface, as required, to prevent the rotation of the support shaft 1 6a, 

25 Securely connected to the outside surface of the central portion of tiie disc portion 22 of the outer ring 20 is the 
output shaft 23 at its b^e end portion, the rotating motion of which can be transmitted to the pedal shaft 3 through the 
reduction gear 33 of the bevel gear type at the intermediate stage and tiie reduction gear 34 of the planetary gear type 
at the final stage, which is similar to the conventional structure illustrated in Fig. 1 . 

In the case of the auxiliary equipment of driving force for bicyde in the present example, however, different from the 

30 conventional structure illustrated in Fig. 1 , the one way clutch such as roller clutch as in Fig. 1 is not disposed between 
the reduction gear of the traction roller type 7 and the reduction gear 33 of the bevel gear type. Specifically, the output 
portion of the reduction gear of the traction roller type 7 and the input portion of the reduction gear 33 are connected to 
each other integrally or by way of recess and land engagement for transmission of rotating forces in tiie opposite direc- 
tions. 

35 In the auxiliary equipment of driving force for bicycle of the present example, although the one way clutch such as 
roller clutch is not disposed between the reduction gear of the traction roller type 7 and the reduction gear 33 of the 
bevel gear type, the pedal shaft 3 is mechanically separated from tiie rotatable shaft of tiie motor 5 in the state such as 
inertia riding or downward slope riding without pedaling, so that the existence of the motor 5 is prevented from being a 
resistance against traveling. Specifically, in the riding state where the pedals 1 are not operated without rotating the 

40 rotatable shaft 4 while rotating the outer ring 20, the wedge roller 1 8a is inclined to move against the elastic force of tine 
resilient member 43 to the portion of the internal space 27 where the width is wide. As a result, the contact pressure 
becomes lower between the outer peripheral surface of the wedge roller 18a and guide rollers 18b, 18c and the outer 
peripheral surface of the rotatable shaft 4 and tiie inner peripheral surface of the outer ring 20, and slips are caused at 
the contact portions 29 on tiie inner diameter side and at tiie contact portions 30 on the outer diameter side so as not 

45 to transmit the rotation of the outer ring 20 to the rotatable shaft 4. 

Since.the one way clutch is not used, not only the cost reduction due to the parts cost reduction by that arnount is 
achieved, but also the parts administration and assembling process become easy, leading also to a cost reduction. In 
addition, since there is no space requirement for the one way clutch, the auxiliary equipment of driving force for bicycle 
can be made small and light weighted, incidentally, the resilient member 43 and the push member 44 for biasing the 

50 wedge roller 1 8a toward the narrow width portion in the internal space 27 are desirably provided between the opposite 
end portions of the support shaft 16a and the cover 14 and connecting ring 17. if tiie setting space allows it. 

In this example and the following tiiird example, the elastic force (resilient load] of the compression coil spring or 
the resilient member 43 to push the support shaft 16a supporting the wedge roller 18a toward the narrow widtii portion 
of the internal space 27 is determined as a design matter based on the magnitude of ttie rotating force (torque) to be 

55 transmitted to the outer ring 20 from tiie rotatable shaft 4. For exampler in the case of the auxiliary equipment of driving 
force for bicycle usually used, the magnitude of the resilient load is desirably limited in the range of 150g to 1 ,000g. If 
the resilient load is less than 1 50g. the contact pressure would be too small between the outer peripheral surface of the 
wedge roller 18a and the outer peripheral surface of the rotatable shaft 4 and tiie inner peripheral surface of the outer 
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ring 20 in the state where the bicyde is stq3ped. so that a slip is caused between the outer peripheral sur^ce of the 
wedge roller 18a and the outer peripheral surface of the rotatable shaft 4 and the inner peripheral surface of the outer 
ring 20, resulting in that sufficient auxiliary power is not secured. On the other hand, if the resilient load exceeds 1 .OOOg. 
the contact pressure would be too large, so that the rolling resistance is increased at the contact portions of the periph- 

5 eral surface portions (at the contact portions 29 on the inner diameter side and at the contact portions 30 on the outer 
diameter side), resulting in not only that the transmission efficiency of the reduction gear 7 of the traction roller type is 
lowered, but also that the idling torque in the riding state where the pedals 1 are not operated, such as inertia riding or 
downward slope riding is Increased, so that the rider feels uncomfortable. 

The resilient load of the resilient member 43 to the wedge roller 18a is necessary to secure the contact pressure 

10 between the outer peripheral surface of the wedge roller 18a and the outer peripheral surface of the rotatable shaft 4 
and the inner peripheral surface of the outer ring 20 when the reduction gear of the traction roller type 7 starts, so that 
the contact portions 29 on the inner diameter side and the contact portions 30 on the outer diameter side, that is the 
contact portions between the peripheral surfaces are prevented from slipping. After the reduction gear of the traction 
roller type 7 has started, when the wedge roller 18a is wedged into the narrow width portion of the internal space 27, 

IS there should be no need of the elastic load of the resilient member 43, and if it is excessively large, the transmission 
efficiency of the reduction gear of the traction roller type 7 is lowered and the idling torque is increased. Accordingly, the 
magnitude of the resilient load is limited in the range of 150g to 1 .OOOg. 

The axial clearance (A in Rg. '9) with respect to the wedge roller 18a installed in the intemal space 27 is desirably 
controlled in the range of 0.1 mm to 1 .5 mm. The reason is as follows; when the support shaft 1 6a supporting the wedge 

20 roller 18a is tilted with reference to tiie rotatable shaft 4 due to any cause (see Fig. 9), the inner surface of the internal 
space 27 and the peripheral edge of the wedge roller 18a would strongly rub each otiier. so tinat the wedge roller 18a 
is jammed. The situation can be prevented by the axial clearance, which is tiie distance 5 between tiie outer peripheral 
edge of the end portion of tiie wedge roller 1 8a and the inside surface of the internal space 27 when it is displaced until 
it is no more tilted within the internal space,27.- 

25 Rgs. 1 0 to 1 4 show a third, more specific, example of the speed changers in the embodiments of the present Inven- 
tion, the basic structure of which is similar to those of the first and second examples in Figs. 2 to 4 and Figs. 6 to 8 The 
following are descriptions an the components of the present example, respectively. 

The rotatable shaft 4, which is the rotating driving shaft of the motor 5 (look at Rgs. 2 and 3) and simultaneously 
the input shaft of the speed changer of tiie traction roller type 7, is subjected to induction handening only at the tip por- 

30 tion (lower end portion in Fig. 10) which comes into contact with the outer peripheral surface of. the wedge roller 18a 
and guide rollers 18b, 18c. Accordingly, the wear on the outer peripheral surface of tiie tip end portion of the rotatable 
shaft 4 is avoided, and the cost up due to tfie induction hardening and the deformation of the rotatable shaft 4 are min- 
imized. In addition, the outer peripheral surface of the tip end portion of tiie rotatable shaft 4 subjected to tiie induction 
hardening process is ground to have a surface roughness up to 0.4a. Thus, by making smooth the outer peripheral sur- 
ds * face of the tip portion of the rotatable shaft 4 in confact with the outer perqaheral surface of the wedge roller 18a and 
guide rollers 1 8b, 18c. the oil film between the peripheral surfaces in contact witii each other is protected, where tiie oil 
film formed has a large strength, whereby the traction drive is possible between tiie rotatable shaft 4 and the wedge 
roller 18a and guide rollers 18b. 18c. 

The installation of the rotatable shaft 4 Into tiie reduction gear of the traction roller type 7 is carried out after the 

40 rotatable shaft 4 and the wedge roller 18a and guide rollers 18b. 18c are installed in tiie interior of the outer ring 20. In 
order to easily carry out the installation of the rotatable shaft 4 without any damages on the outer peripheral surfaces 
during tiie installation process, the wedge roller 18a is displaced toward the wide widtii portion in the internal space 27 
upon inserting the rotatable shaft 4. Accordingly, in tiie illusfrated example, part of tiie cover 14 (described later) 
opposed to the outer peripheral surface at tiie end portion of the support shaft 16a supporting the wedge roller 18a is 

45 formed with an insert hole 45 for inserting a rod shaped tool. Upon inserting the rotatable shaft 4, with tiie tool inserted 
into the insert hole 45, the support shaft 1 6a is moved toward tiie wide width portion against the elastic force of the com- 
pression coil spring, tiiat is tiie resilient member 43. so that the diameter of tiie irscribing circle of the outer peripheral 
. surfaces of tiie wedge roller 18a and guide rollers 18b, 18c is larger than tiie outer diameter of the tip end portion of the 
rotatable shaft 4. In addition, in tiie illustrated example, a chamfer 46 is formed on the outer peripheral edge at the tip 

50 end portion of the rotatable shaft 4 to make the inserting process of the rotatable shaft 4 easier. Consequentiy, the 
assembling of the reduction gear of the traction roller type 7 is made easy, and tiie cost reduction of the auxiliary equip- 
ment of driving force for bicyde including the reduction gear of the traction roller type 7 is achieved. 

An intermediate portion of tiie rotatable shaft 4 closer to its tip end portion is supported by a clearance fitting inside 
tiie inner ring of tiie bearing 1 5. The outer ring of the bearing 1 5 is fitted into the through hole 24 formed in the cover 1 4 

ss of ttie housing desaibed later and prevented by a semicircular ring 48 from being pulled out of tiie through hole 24. 

That the intermediate portion of tiie rotatable shaft 4 closer to its tip end portion is supported by a clearance fitting 
inside tiie inner ring of the bearing 15 is required not only to make easy the process of inserting the rotatable shaft 4, 
but also to securely operate the reduction gear of the traction roller type 7. Specifically, the wedge roller 18a moves 
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toward the narrow width portion of the internal space 27. the rotatable shaft 4 is displaced in a diametrical direction to 
increase the contact pressure at the contact portions 29 on the inner diametrical side between the outer peripheral sur- 
face of the rotatable shaft 4 and the outer peripheral surfaces of the rollers 1 8a. 1 8b, 1 8c and at the contact portions 30 
on the diametrically outer side between the outer peripheral surfaces of the rollers 18a, 18b. 18c and the inner periph- 

5 eral surface of the outer ring 20, wherein it is necessary that the clearance in the bearing 1 5 is limited in the range 0.01 0 
mm to 0.2 mm taking into consideration the tolerance ot the components, so that the rotatable shaft 4 is smoothly dis- 
placed in the diametrical direction and that the contact pressure at the contact portions 29. 30 is sufficiently increased. 

Incidentally, the clearance in the bearing 15 Is the sum of the internal clearance of the bearing 15, the clearance 
between the inner peripheral suriace of the inner ring of the bearing 15 and the outer peripheral surface of the rotatable 

10 shaft 4, and the clearance between the outer peripheral surface of the bearing 15 and the inner peripheral surface of 
the cover 14 (described later). 

The outer ring 20 of the reduction gear of the traction roller type 7 is made of a metallic material, such as carbon 
steel like SCr 420 having a sufficient rigidity and hardness and being relatively easy to process, and formed through 
forging. The metallic material after being formed in a predetermined shape through forging is subjected to heat treat- 

IS ment such as carbonizing quenching to harden the surface thereof, and then to the L3 treatment which is a grinding 
process after quenching. 

Then, only part of the inner peripheral surface to be in contact with the outer peripheral surface of the wedge roller 
18a and guide rollers 18b, 18c is ground for smooth finishing (up to 0.4a roughness) as in the outer peripheral surface 
of the tip end portion of the rotatable shaft 4. Thus, the outer ring 20 can be produced at a lower cost preventing its 
20 deformation. 

In another way of forming, it is made of a carbon steel such as S53C having an intermediate amount of carbon, 
which is forged and lathe-cut in a predetermined shape and then subjected to induction quenching or laser quenching 
. to harden the rolling surface only, and then only the rolling surface is ground. Incidentally, because .the deformation is 
small in using the induction quenching or laser quenching, the grinding step can be omitted. 

2S The base end portion (upper end portion in Rg. 1 0) of the output shaft 23 is securely connected to the outside sur- 
face (lower end portion in Rg. 1 0) of the disc portion 22 of the outer ring 20, and rotatably supported through the bear- 
ing 26 on the inside of the second through hole 25 formed in the main body 13 of the housing 12 described later. 

The outer ring of the bearing 26 is fitted into the second through hole 25 and prevented from slipping out of the sec- 
ond through hole 25 with a stop ring 48 in a semicircular ring shape. 

30 The output shaft 23 can be integrally formed with the outer ring 20 upon making, it through forging, or securely 
mounted to the outer ring 20 after formed. When it is securely mounted to the outer ring 20 after formed, there may be 
a method such as that a mount hole is formed in the central portion of the outer ring 20, Into which the base end portion 
of the output shaft 23 is fitted by way of irrterference fitting. In any way, a rotating transmission member such as gear, 
pulley, is fitted onto the tip end portion (lower half portion in Rg; 10) of the output shaft 23 with press fitting, serration 

35 engagement, both of the press fitting and serration engagement or key engagement etc. Since the rotating transmission 
member is fitted onto the tip end portion of the output shaft 23. the installation space for the second stage reduction 
gear provided after the speed changer of the traction roller type 7 can be made small. 

The main txxly 13 and the cover 14 of the housing 12 are made of a light alloy such as aluminum alloy, magnesium 
alloy etc. and formed through die casting. The main body 13 can be formed integrally with another member such as a 

40 casing 47 (see Fig. 6) etc. in which the reduction gear 33 of the bevel gear type, the reduction gear 34 of the planetary 
gear type, or another reduction gear is installed. Rotatably supported by this main body 1 3 through the bearing 26 as 
previously mentioned is the base end portion of the output shaft 23 which is connected to tiie outer ring 20. The cover 
14 can be formed integrally with a conponent member of the motor 5 such as the end plate of the housing of the motor 
5 (see Rg. 6). An intermediate portion of the rotatable shaft 4 closer to the tip end portion is rotatably supported by the 

45 . cover.14. " - , . . 

The support shafts 16a, 16 to support the outer peripheral surface of the wedge roller 18a and guide rollers 18b, 
18c have one end portion (upper end portion in Rg. 10) thereof supported by tine cover 14 and the other end portion 
(lower end portion in Fig. 10) connected to the connecting ring 17 which is made of a light alloy as rnentioned above by 
way of die casting and formed in a shape as shown in Figs. 13(A) and 13(B). Specifically, the connecting ring 17 is 

so formed in a generally annular shape, and provided with three through holes 50 arranged in a circumferential direction 
into which a threaded screw 49 is inserted to securely fix the connecting ring 1 7 to the projections 28 of the cover 14. 
Witii the three mid portions existing between the drcumferentially arranged through holes 50. a fitting hole 51 is formed 
in the two mid portions into which the other erid portion of the support shafts 16 to support the guide rollers 18b and 
1 8c is fitted t)y interference fitting or witiiout play. On the other hand, the inside surfiace of the last one of the mid portions 

55 is formed with a bottomed support hole 52 having a diameter sufficiently larger than the support shaft 16a for loose 
engagement with the other end of the support shaft 1 6a to support the wedge roller 1 8a. 

The connecting ring 17 can be made by way of cutting a steel plate, but desirably by way of die casting due to the 
holes therein, as mentioned above, for cost reduction. 
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The three support shafts 16. 16a are each subjected to the surface hardening heat treatment to secure a suffident 
rolling fatigue life over the rolling contact with the rolling surface of the needle of the bearing 19 described later. 

With the three support shafts 16, 16a. the support shafts 16 to support the guide rollers 18b. 18c can he fitted at 
the opposite end portions thereof in interference fitting into the fitting holes formed in the cover 14 and the connecting 

5 ring 1 7. respectively. However, from the assembling efficiency, only one end portion of the support shafts 1 6 is fitted into 
the cover 14 through interference fitting, and the other end of the support shafts 16 is fitted into the fitting holes 51 in 
the connecting ring 17 in a clearance fitting relationship. Specif icaily. the one end portion of the support shafts 16. 16a 
is supported by the cover 14 and then the wedge roller 18a and guide rollers 18b. 18c are fitted around the support 
shafts 16. 16a through the bearing 19 therebetween, and then the other end portion of tiie support shafts 16. 16a is 

10 supported In clearance fitting by the fitting holes 51 and support hole 52 formed in the connecting ring 1 7, whereby the 
assembling process is efficiently carried out. 

Around the three support shafts 1 6, 1 6a extended between and supported by both of the cover 1 4 and the connect- 
ing ring 17, tiie wedge roller 18a and guide rollers 18b. 18c are rotatably supported by way of the bearing 19. In this 
example, a radial needle bearing witii cage is used for the bearing 19. which holds needles wth the cage in an insep- 

15 arable manner, so that the operation to install the bearing 19 is efficientiy carried out between tiie outer peripheral sur- 
face of the support shafts 16, 16a and Vne inner peripheral surface of the wedge roller 18a and guide rollers 18b. 18c. 

The wedge roller 18a and guide rollers 18b, 18c rotatably supported around the support shafts 16, 16a are made 
of a hard metal with a sufficient hardness such as high cartDon chromium bearing steel e.g. SUJ2. The rollers .18a to 18c 
are subjected to the surface hardening heat treatment, and the outer peripheral surface thereof to be in contact with the 

20 inner peripheral surface of the outer ring 20 and the outer peripheral surface of the rotatable shaft 4 are ground, so that 
the outer peripheral surface of tiie rollers 18a to 18c are finished in a smooth surface having up to 0.4a roughness as 
in the inner peripheral surface of the rotatable shaft 4 and outer ring 20. By finishing the outer peripheral surface of the 
rollers 1 8a to 1 8c in a smooth surface, the traction driving is possible between the rotatable shaft 4 and outer ring 20 
and the wedge roller 18a and guide rollers 18b, 18c. Incidentally, tiie inner peripheral surface of the rollers 18a to 18c 

25 and the outer peripheral surface of tiie intermediate portion of tiie support shafts 1 6, 1 6a In contact with the rolling sur- 
faces of the needles are finished in a smooth surface like the outer peripheral surface of tiie rollers 18a to 18c. 

As clear from ttie description on the first and second examples, with tiie guide rollers 1 8b, 18c and the wedge roller 
18a, tiie guide rollers 18b. 18c rotate around tiie support shafts 16 but never move circumferentially around the rotata- 
ble shaft 4. There is a clearance, however, in the bearings 19 provided between the inner peripheral surface of the guide 

30 rollers 1 8b. 1 8c and the outer peripheral surface of the support shafts 1 6. so that tiie guide rollers 1 8b. 1 8c can move 
slightiy in a diametrical direction due to the displacement of the wedge roller 1 8a. The wedge roller 1 8a rotates around 
the support shafts 16a and slightly moves circumferentially around the rotatable shaft 4. Since tiie wedge roller 18a can 
be displaced due to tiie displacement of the support shaft 16a itseff. tiie clearance is not necessarily provided in the 
bearing 1 9 between tiie inner peripheral surface of the wedge roller 1 8a and tiie outer peripheral surface of tiie support 

35 shaft 1 6a. but a clearance can be provided in the hearing 1 9 for common parts with respect to the guide rollers 1 8b, T8c 
and the support shafts 1 6 and for cost reduction. 

A thrust washer 53 is provided between the axially opposite end faces of the guide rollers 1 8b, 1 8c and the wedge 
roller 18a and ttie inside surfaces of tiie cover 14 and connecting ring 1 7 as shown in Fig. 14. With the thrust washers 
53, tiie axially opposite end faces of the guide rollers 18b. 18c and tiie wedge roller 18a and the axially opposite end 

40 faces of the needles of the bearing 1 9. and the inside surfaces of the cover 14 and connecting ring 1 7 are prevented 
from rubbing each other for smooth rotation of the rollers 1 8a to 1 8c and for prevention of wear in the conponent mem- 
bers. 

Incidentally, tiie thrust washers 53 can be formed to be independentiy used in each of the rollers 1 8a to 1 8c. In any 
shape, they can be made of a metallic plate by pressing, punching, or made of synthetic resin by injection molding. The 
45 synthetic resin having oil resistance and low friction will serve for cost reduction and long life. 

Traction grease is filled in the housing 12 including the internal space 27. The traction grease Is based on the trac- 
tion oil to which a lithium soap group is added, and its traction coefficiency is large, which makes it possible to ti-ansmit 
a large rotation force between the rotatable shaft 4 and the outer ring 20. Incidentally, the t-action grease serves to lubri- 
cate the contact portions, too. Therefore, it is desirable to use for the traction grease having a high consistency e.g. 
50 about Uw387 to increase lubricating and flowing properties. However, when the consistency is increased for flowability. 
the traction grease can leak to the outside unless the seal member having a high performance is used to separate the 
inside of the housing 1 2 from the outside. Therefore, the consistency of the traction' grease can be lowered in the range 
of 1 SO to 350 for balance with the performance of the sealing member. 

Witii tiie traction grease in tiie order of 150 to 350 in consistency, the seal rings attached to the bearings 1 5, 26 can 
55 prevent tiie leakage of tiie traction grease in tiie degree causing no practical problem. 

Incidentally, the traction oil can be used in lieu of the traction grease. In tiiis case, due to reduction in resistance 
against stirring, the transmission efficiency may increase in the reduction gear of the traction roller type 7. On the other 
hand, the flowability of the traction oil is higher than the traction grease and easier in leaking, so that the performance 
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of the sealing members must be improved the through portions of the rotatable shaft 4 and output shaft 23. 

Incidentally, during the time when the bicycle is hatted, or traveling at a low speed, the conventional auxiliary equip- 
ment of driving force for bicycle is controlled to take out from the motor 5 (see Fig. 2) as an auxiliary power a torque 
having the same magnitude as the one added to the pedal shaft 3 from the pedals 1 . Specifically, as shown in Fig 1 5(A), 

5 as the torque of magnitude a is added to the pedal shaft 3 from the pedals 1 , the motor 5 also produces trie auxiliary 
power of magnitude a (hatched portion in Fig 15(A)) so as to start the bicycle with the torque 2a. Under this control, 
one of the pedals is carelessly stepped on to start the bicycle, a large auxiliary power may be suddenly added to cause 
more or less a shock. In order to damp such a shock caused at the start, it will be considered as shown in Fig. 15(B) 
that the ratio of the auxiliary power added from the motor relative to the torque added to the pedal shaft 3 from the ped- 

10 als 1 is made small at the start or just after the start. Specifically, the bicycle is started substantially with the torque 
added to the pedal shaft 3 from the pedals 1 , and as the speed of the bicycle is Increased, the ratio of the auxiliary 
power added from the motor relative to the torque added to the pedal shaft 3 from the pedals 1 is increased, whereby 
the shock is prevented from being caused. For example, the following Tables 1 and 2 show examples of the control pat- 
tern as illustrated in Rg.15(B). 

IS ' 



Table 1 



20 





a 


p 


r 


1 


0 


0.5 


1 


2 


0 


0.15 


0.3 


3 


0 


0^05 


0.1 
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Table 2 



30 





a 


P 


1 


3.5-5.3 


1.6-2.0 


2 


3.5-5.3 


0.5-0.7 


3 


2.2-3.3 


1.5-2.0 


4 


2.2-3.3 


0.5-0.7 



Table 1 shows three speed patterns of the three points a, p and y indicated in Rg. 15(B), and Table 2 shows four 
torque patterns of the thus points a and p indicated in Rg. 15(B). The unit in Table 1 is km/h. and the unit in Table 2 is 
40 kg • m. The control is carried out by appropriately combining the three pattems in Table 1 and the four patterns in Table 
2. 

The bicycle can be provided with a change-over switch, so that the rider can select various control conditions 
including the control as shown in Fig. 15(A). 

Iriddentally the value 5 of torque in the state where the traveling speed is increased in a degree, is to be in the 
45 range of 0.8 y to 1 .0 y, and the value of p is in the range of from ( a + y )/2 to ( a + y )/4, 

The speed at the portion of S where the supply of the auxiliary power is stopped, is set in the order of from 20 km/h 
to 30 km/h. 

The change in magnitude of the auxiliary power corresponding to the traveling speed of the bicycle can be achieved 
by controlling the amount of electric power supplied to the motor 5 or by changing the force to push the wedge roller 
50 18a toward the narrow width portion in the internal space 27. In the latter case, however, the biasing force of the wedge 
roller 18a is produced by a resilient push means such as solenoid in which the biasing force can be controlled. 

With the auxiliary equipment of driving force for bicycle constructed and functioning as mentioned above, the trans- 
mission efficiency is increased, the battery exhaustion is reduced, and the traveling distance of the electrically power 
augmented bicycle Is prolonged, to which the realization of the electrically power augmented bicycle easier for use is 
55 attributed. In addition, as required, the one way clutch is omitted to provide a compact and light weighted bicycle at a 
lower cost. 

Figs. 16 to 17 show another example of the emtxxjiments in the speed changer of the friction roller type of the . 
present invention. Wherein the structure and functions other than those of the pivotal shafts 1 1 5a, 1 1 5b. 11 5c and inter- 
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mediate rollers 132. 131 a. 131b, around each pivotal shaft according to this example are substantially disclosed in U.S. 
Patent Na4. 709,589 which is incorporated in the present ^ecrfication by reference. 

Illustrated in the drawings are a single guide roller 132 and two wedge rollers 131a. 131b as intermediate rollers 
which are formed with outer ring raceways 142 of the deep groove type on the inner peripheral surface at the interme- 

5 diate portion thereof. On the other hand, the pivotal shafts 1 1 5a. 1 1 5b. 1 1 5c are formed with inner ring raceways 1 43 
of the deep groove type on the outer peripheral surface at the intermediate portion thereof opposed to the outer ring 
raceways 142. A plurality of balls 144 are rotatably disposed between the outer ring raceways 142 and the inner ring 
raceways 143 and supported by the cage 145. respectively The inner ring raceways 143. outer ring raceways 142 and 
balls 144 form bearings 146. Accordingly the rollers 132. 131a. 131b are rotatatrfy supported around the pivotal shafts 

10 1 15a, 1 15b, 1 15c by the ball bearings 146 of the deep groove type in the state such that the di^lacement in the thrust 
direction is prohibited. 

Incidentally, it is desirable that by providing the balls 144 with a necessary preload so as to provide the ball bearings 
146 with no positive internal clearance but a negative internal clearance to eliminate plays from the ball bearings 146. 
The rolling surfaces of the adjacent balls 1 44 are prevented from rubbing each other with the cages 1 45 to prevent 

IS . the rotation resistance in the bail bearings 1 46 from increasing. 

In the case. where the radial load or thrust load applied to the ball bearings 146 is large, the cages 145 are omitted 
to increase the number of balls 144 between the outer ring raceways 142 and the inner ring raceways 143. which is a 
so-called full baW bearing. In this case, it is by shrink fitting or cooling fitting to install the balls 144 between the outer 
ring raceway 1 42 and the inner ring raceway 143. 

20 In the example illustrated, the structure for connecting the outer drum 20 and the output shaft or second rotatable 
. shaft 23 is different from that in the conventional structures as described in U.S. Patent No. 4,709,589. Specifically, in 
the example illustrated, the opening portion at one end of the outer drum 20 (left end in Rg. 16) is closed by the disc 
plate portion 1 47. to the central portion of the outer side face (left side portion in Fig. 1 6) of which the base end portion 
(right end portion in Fig. 1 6) of the output shaft 23 is fixed in a concentric relation with the outer drum 20. In addition, in 

25 the example illustrated, at the tip portion (left end portion in Rg. 16) of the input or first rotatable shaft 128, the central 
roller 4 is integrally formed and supported rotatably with reference to the housing 12 with deep grooved type bearing 
148. The base end portion of the output shaft or second rotatable shaft 23 is also supported rotatably with reference to 
the housing 12 with a deep grooved type bearing 148. > 

As mentioned above, in the speed changer of the friction roller type in this example, the deep grooved ball bearings 

30 146 are constructed by the outer ring raceways 142 formed on the inner peripheral surface at the central portion 
between the single guide roller 132 and the two wedge rollers 131a, 131b. the inner ring raceways 143 formed on the 
outer peripheral surface at the mid portion between the pivot shafts 11 5a. 1 15b. 1 15c, and a plurality of balls 144 pro- 
vided between the outer ring raceways 142 and the inner ring raceways 143. The rollers 132. 131a, 131b are rotatably 
. supported around the pivot shafts 1 1 5a. 1 1 5b. .1 1 5c by the t>all bearings 1 46. 

35 The deep grooved type ball bearings 146 support not only radial load hut also thrust load. Accordingly even if any 
thrust load is applied to the rollers 1 31 a, i 31 b. 1 32. the displacement of the rollers 1 31a, 1 31b 132 in the thrust direction 
can be prevented. Accordingly the axial opposite end faces of the rollers 131a. 131b. 132 never rub the inner surface 
(left face in Fig. 16) of the cover 14 of the housing 12 or the inside surface (right face in Fig. 16) of the connecting plate 
1 19 which are opposed to the end faces of the rollers 131a. 131b, 132. 

40 Incidentally, there is no need of providing a thrust bearing between the axial opposite end faces of the rollers 131a, 

131b, 132, the inner surface of the cover 14, and the inside surface of the connecting plate 1 19. However, when the 
clearance is particularly small between the opposed surfaces and a large thrust load is applied to cause the opposed 
surfaces so as to rub each other, as required, a thrust sliding bearing can be formed in a thin thickness and made of a 
resin of low friction coefficient such as polyamide resin, poly 4-fluroroethylen resin, polyacetal resin etc, 

45 In the embodiments above, the present invention is applied to the structure where with three intemiediate rollers, 
two are the wedge rollers 131a. 131b and the remained one is the guide roller .132. In such a structure, even if the input 
shaft 128 and the output shaft 23 are rotated in any direction, the contact pressure is secured at the contact portions 
29 on the inner diameter side and at the contact portions 30 on the outer diameter side. However, the present invention 
can be applied to any type of speed changer of the friction roller type. For example, the rotation direction of the input 

50 and output shafts is always constant, one of the three intermediate rollers can be tine wedge roller with the remained 
two being the guide roller. It is possible to apply the present invention to such structures, and to the conventional struc- 
ture as shown in Japanese Patent Publication Toku Kai Hei No.8-210455 where a central roller and an outer drum are 
arranged concentrically, and further to a speed increaser with the input and output shafts arranged in a manner contrary 
to the illustrated example. 

55 Rg. -1 8 shows a modified structure of that in Rg. 1 6. 

In the case of the friction roller type speed changer of Fig. 18. the single guide roller 132 and two wedge rollers 
131a, 131b, is provided with crown on their outer peripheral surface. Specifically, the outer peripheral surface, that is 
the third cylindrical surfaces 1 18 of the rollers 132. 131a. 131b are formed in an arcuate convex shape in cross section 
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with a small curvature or large radius of curviature. Accordingiy, the outer diameter of the rollers 1 32, 1 31 a. 1 31 b is large 
at the intermediate portion and becomes gradually smaller as it is closer to the opposite ends. 

' On the other hand, the central roller 4 is provided with the first cylindrical surface 1 10 on its outer peripheral surface 
and the outer drum 20 is provided with the second cylindrical surface 113 on its inner peripheral surface, the first cylin- 
5 drica! surface 1 10 and second cylindrical surface 1 13 being a simple cylindrical surface with no diametrical change in 
the axial direction. 

In the case of the friction roller type speed changer of Rgs. 18 and 19. even if the central axis of the first cylindrical 
surface 1 10 on the outer peripheral surface of the input shaft 128 and the central axis of the second cylindrical surface 
1 13 on the inner peripheral surfece of the outer drum 20 are not arranged in parallel with the pivot shafts 1 15a, 1 15b, 

10 1 15c for the rollers 132, 131a. 131b, the outer and inner peripheral surteces of the rollers 132, 131a, 131b do not come 
into edge contact with the mating surfaces. Specifically, when the axes are not placed in parallel with each other, the 
rollers 132. 131 a, 131b are tilted with respect to the central axis of the first cylindrical surface 1 10 and the central axis 
of the second cylindrical surface 1 13rthe third cylindrical surfaces 118 with crown, that is the outer peripheral surfaces 
of the rollers 132. 131a, 131b are conformed to the first cylindrical 110 arid second cylindrical 113. Accordingly, the first 

IS cylindrical 110 and second cylindrical 1 1 3 do not come into edge contact with the third cylindrical surfaces 1 1 8. so that 
no excessive surface pressure is applied to the cylindrical surfaces 1 1 0, 1 13, 1 18. 

Fig. 20 shows another example of this embodiment, where the central roller 4 is provided with the first cylindrical 
surface 110 on its outer peripheral surface and the outer drum 20 is provided with the second cylindrical surface 113 
on its inner peripheral surface, the first cylindrical surface 110 and second cylindrical surface 113 being provided with 

20 crown. The single guide roller or intermediate roller 132 and two wedge rollers 131a, 131b, are formed in a simple cylin- 
drical surface with no crown. 

In the case of this example, even when the central axis of the first cylindrical surface 110 on the outer peripheral 
surface of the input shaft 128 and the central axis of the second cyirndrical surface 1 13 on the inner peripheral surface 
of the outer drum 20 are not arranged in parallel with the pivot shafts 115a. 115b (1 15c) for the rollers 132. 131a(131b), 

2S the outer and inner peripheral surfaces of the rollers 132, 131a {131b) do not come into edge contact with the mating, 
surfaces. 

Fig. 21 shows an example of the edge contact when the needle bearing is used, where the first cylindrical surface 
110. second cyliridrical sur^ce 113 are placed in edge contact with the third cylindrical surface 1 18. Also the inner 
peripheral surface of the intermediate roller 132 (131) is placed in edge contact with of the needles of the needle bear- 
so ing 19. 

In the examples illustrated in Rgs. 1 8 to 20. the deep grooved ball bearings 1 46 are used to support the rollers 132, 
1 31 a, 1 32b on the pivot shafts 11 5a. 11 5b, 1 1 5c, so that no edge load is applied to the rotatable support portions of the 
rollers 132. 131a. 132b. 

However, even if the conventional radial needle bearing as shown in JP Publication No. Hei8-21045. and U.S. Pat- 
35 ent No. 4.709.589 is used in this rotating support section, the axial opposite ends of the rolling surface of the needle in 
the needle bearings never come in edge contact with the mating surface. The reason of this is as follows; 

Specifically, in the case of the friction roller type speed changer of the present invention, since the third cylindrical 
surfaces 1 18 with the crown as mentioned above conform the cylindrical surfaces 110. 1 13 as in Figs, 18 and 19, it is 
compensated that the rotatable central axis of the rollers 132, 131a. 131b is arranged in parallel with the pivot shafts 
40 115a. 115b. 115c. 

The deep groove type ball bearings>146 support not only the radial load but also the thrust load. Therefore, even if . 
the thrust load is applied to the rollers 132, 131a, 131b. the displacement of the rollers 132, 131a, 131b in the thrust 
direction can be prevented. Accordingly, the axial opposite end faces never placed in a friction relationship with the mat- 
ing surfaces, that is the inner surface (left surface in Fig. 18) of the cover 14 of the housing 12 or the inner side face 
45 (right surface in Fig. 1 8) of the connecting ring 119. 

Incidentally, there is no need of providing a thrust bearing between the axial opposite ends of the rollers 1 32. 1 31 a. 
131b and the inner surface of the cover 14 of the housing 12 and the inner side face of the connecting ring 1 19. This is 
substantially the same to the example of Fig. 16. 

Fig. 22 shows a modification of the structure in Fig. 3. 
50 In the friction roller type speed changer in Rg. 22, the central roller 4 surrounded by the intermediate rollers that is 
the wedge roller 131c and the two guide rollers 132a, 132b, the outer peripheral surface of the tip portion of the central 
roller 4 (Fig. 22. Fig. 24) is formed with a tapered portion 153 where the outer diameter becomes smaller as it is closer 
to the tip end. With this structure., the installation of the central roller 4 in position is easier. 

The outer diameter dsa (Fig. 24(A)) of the tip end edge of the central roller 4 which is the smallest in the outer diam- 
55 eter in the tapered surface portion 153 is smaller than the diameter Ds4 (Rg. 23) of the maximum inscribing circle 54 of 
the rollers 1 31 c. 1 32a. 1 32b. that is dsa < D54, in the state where the wedge roller 1 31 c is completely moved in the direc- 
tion to make nanow the space surrounded by the wedge roller 131c and the two guide rollers 132a. 132b for inserting 
the central roller 4. 
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Specifically, based on the resilient force of the conpression spring (see 43 in Rg. 7). in the state where the pivot 
shaft 1 15b is pushed onto the inner peripheral edge opposed to the compression coil spring of the support hole 130, 
that is in the state where the pivot shaft 11 5b and the wedge roller 131c are pushed onto the position indicated by the 
solid cirde line in Fig. 23, the outer diameter d^Q of the tip end edge of the central roller 4 is smaller than the diameter 
5 D54 of the maximum inscribing drcle 154 of the rollers 131c, 132a. 132b. 

Further, it is desirable that the outer diameter 6^ is smaller than the diameter D54 which becomes further smaller 
in the state where the pivot shaft 1 l ^b is completely displaced inward in the diametrical direction of the outer' ring 20 
within the support hole 130. 

In order to install the central roller 4 in the interior of the rollers 131c, 132a, 132b first as in Rg. 24(A). the tip end 

10 of the central roller 4 with a tapered surface portion 153 formed thereon is pushed into tiie interior surrounded by the 
rollers 131c, 132a, 132b. During this pushing step, the tapered surface portion 153 of the tip end of the central roller 4 
causes the wedge roller 131 c to move against the resilient force of the compression spring in the direction indicated with 
the arrow a toward the a portion of tiie annular ^ace 27 where the width is wide, and increasing the diameter D54 of 
the maximum inscribing cirde 1 54 of the rollers 131c. 1 32a, 1 32b, the tip end penetrates into the interior surrounded by 

15 the rollers 1 31 c. 1 32a. 1 32b as shown by the arrow p in Fig. 24. Accordingly, by pushing the central roller 4 further from 
the state of Fig. 24(B), the central roller 4 can be installed inside the intermediate rollers 131 c 132a. 132b as in Rg. 22. 

In the friction roller type speed changer as illustrated in Fig. 24(A) having the tapered surface portion 1 53 as_menr ' 
toned previously, the diameter of the tip end edge of the central roller 4 and the position of the third cyliridrical surface 
1 18 on the outer peripheral surface of the wedge roller 131c are controlled with reference to tiie hypothetical central 

20 axis X of the central roller 4. Spedf ically, tiie length L53 {=6^^) from tiie hypothetical central axis X to the tip end edge 
is smaller tiian the length L^q^ from the hypothetical central axis X to the third cylindrical surface 118 on the outer 
peripheral surface of the wedge roller 1 31c in the state closest to the hypothetic axis X. 

In this example, by controlling the relation between tiie location of tiie tip end edge and tiie location of tiie tiiird 
cylindrical surface 1 18b as previously mentioned, tiie interference between the tip end face 159 of the central roller 4 

25 and the axial end face of tiie intermediate rollers induding the wedge roller 1 31 c is avoided, and the central roller 4 can 
be Inserted radially inside the intermediate rollers. Specifically, the central roller 4 is guided by tiie bearing 15 (Rg. 22) 
and therefore little osdllated in a radial direction when inserted to the central portion surrounded by the intermediate , 
rollers. Therefore, the interference can be efficientiy prevented by controlling the relationship of the length L53 and the 
length L^sb- 

30 Incidentally, a curved connecting portion is formed in a smootii continuous surface between tiie first cylindrical sur- 
face 1 10 on the outer peripheral surface of tiie central roller 4 and the tapered surface 153 so as not to cause scuffing 
or scratch on the outer peripheral surface of the rollers 131c, 132a, 132b upon inserting the tip end of the central roller 
4. Similariy, the outer peripheral edge portion of the rollers 1 31 c, 132a. 132b is formed witii a smootii continuous curved 
surface between its outer peripheral surface and its side surface so as not to damage the first cylindrical surface 110. 

35 .After the speed changer of tiie friction roller type is constructed with tiie central roller 4. and rollers 131c. 132a. 
132b arranged at the predetermined position, with the transmission of rotating forces through the speed changer of tiie 
friction roller type, the contact pressure can be secured between tiie tNrd cylindrical surfaces 1 18 on the outer periph- 
eral surfaces of the single wedge roller 131c and two guide rollers 132a, 132b and the first and second cylindrical sur- 
faces 110. 1 13 on the outer peripheral surface of the central roller 4 and inner peripheral surface of tiie outer ring 20. 

40 In the example illustrated, during tiie transmission of the rotating forces through the speed changer of the friction 
roller type, the assembling direction of components is controlled so that the central roller 4 |s rotated In the clockwise 
direction. This is similar to tiie example of Fig. 4. specifically as indicated with tiie an-ow X in Fig. 4. The power supply 
to the motor 5. tiie pivot shafts 1 15a, 1 15b, and tiie central roller 4 con^espond to tiie application of auxiliary force, the 
support shafts 16, 16a and the rotatable shaft 4 in Rg. 4, respectively. 

45 Thus, the outer peripheral surface of tiie wedge roller 131c strongly pushes the outer peripheral surface of the cen- 
tral roller 4 and the inner peripheral surface of the outer ring 20. As a result tiie contact pressure becomes high at the 
contact portion 29 on tiie inner diameter side between tiie outer peripheral surface of tiie wedge roller I31c and the 
outer peripheral surface of the central roller 4. and at tiie contact portion 30 on the outer diameter side between the 
outer peripheral surface of the wedge roller 131c and the inner peripheral surface of the outer ring 20. 

50 As the contact pressure becomes high at the inner and outer corrtact portions 29, 30 witii reference to the wedge 
roller 131c, at least one of the central roller 4 and outer ring 20 pushed by the outer peripheral surface of the wedge 
roller 131c is slightly displaced in a diametrical direction due to assembling clearance or elastic deformation etc. This is 
also similar to the example of Fig. 4. 

In addition, the present example can be applied not only to the friction roller type speed change having tiiree or 

^55. more intermediate rollers but also to the one having two or more Intermediate rollers. In the case of two intermediate 
rollers, as shown in Fig. 26, the intermecfiate rollers 158 are substantially opposed in the diametricaJ direction of tiie 
outer ring 20. and the central roller 4 is located between the interrnediate rollers 158. so that the contact pressure of the 
cylindrical suriiaces 110,113.118 can eff identiy increased during operation of tiie wedge roller. One of the intermediate 
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rollers 158 rotating in a fixed direction is the guide roller and the other is the wedge roller, while If the rotating direction 
is variable, both of them are the wedge roller. 

'Further, the present invention can be applied not only to the structure haying a single wedge roller but also to the 
structure having two wedge rollers. 

5 Fig. 25 illustrates an example of such embodiments of the friction roller type speed changer of the present inven- 

tion, where four intermediate rollers are provided with the two ones being wedge rollers 131d with a relatively small 
diameter and with the other two being guide rollers 1 32c having a larger diameter than the wedge rollers 131d. 

Also in the case of the friction roller type speed changer, the outer peripheral surface of the tip and portion of the 
central roller 4 (Fig. 22, Fig. 24) installed inside the four rollers 131d. 132c is formed with a tapered surface portion 153 

10 as in the example of Fig. 22 and Fig. 24. 

Specifically, in the present example, the outer diameter dss (Frg. 24(A)) of the tip end edge of the central roller 4 
which is the smallest in the outer diameter in the tapered surface portion 153 is smaller than the diameter D55 of the 
maximum inscribing circle 155 of the four rollers 131d, 132c in the state where the pair of wedge rollers 131d are com- 
pletely moved in the direction to make narrow the space existing in the interior surrounded by the wedge roller 1 31 d and 

15 the two guide rollers 1 32c to accommodate the central roller 4. 

. . In the case of four intermediiate rollers provided, the diameter of the maximum inscribing circle of three intermediate 
rollers selected in a combination from the four rollers may be different from the diameter of the maximum inscribing cir- 
cle of three irrtermediate rollers selected in another' combination from the four rollers. In this case, the outer diameter 
dss of the tip end edge'of the central roller 4 is smaller than the diameter of the minimum one of the maximum inscribing 

20 circles. 

Fig. 27 to 29 shows a wedge angle a which is determined by the amount of displacement 5 of the through hole 24 
from the.center of the housing 12 in the speed changer of the friction roller type in the present invention. 

The wedge angle a is controlled to limit the contact pressure at the contact pressure at the contact portions 29, 30 
on the inner and outer diameter sides. 
25 The following is a serrates of steps to determine the wedge angle a. 

The contact portions 29. 30 between the third cylindrical surface 118 on the outer peripheral surface of the wedge 
roller, the secorKl cylindrical surface 1 13 on the inner peripheral surtece 1 13 on the inner peripheral surface of the outer 
ring 20 and the first cylindrical sur^ce 1 10 on the outer peripheral surface of the central roller 4 is supposed to have a 
traction coefficiency lu , 
30 The central point O^^cOi the wedge roller is connected to the first contact point between the third cylindrical sur- 
face 1 18 and the first cylindrical surface 1 10 with the first straight line 240. 

The first contact point Pi is located at the center of the Inner diameter side contact portion 29 with reference to the , 
wedge roller 131c. 

In addition, the central point ic 's connected to the second contact point P2 between the third cylindrical surface 
35 118 and the second cylindrical surface 1 1 3 on the inner peripheral surface of the outer ring 20 with the second straight 
line 241. The second contact point P2 is located at the center of the outer diameter side contact portion 30 with refer- 
ence to the wedge roller 131c. , 

The third straight line 242 passes through the central point^Oiic condition that the cross angle 6 40.4^ 

between the first straight line 240 and second straight line 241 is divided equally 
40 The fourth straight line 243 extends at right angles with reference to the first straight line 240 and passes through 
the first contact point P^, and the fifth straight line 244 extends at right angles with i-eference to the second straight line 
241 and passes through the second contact point Pz- . 

The wedge angle a is defined by the third straight line 242 and the fourth straight line 243 and by the third straight 
line 242 and the fifth straight line 244. 
45 The wedge angle a is determined by the relation with the traction coefficiency ix, that is a ^tan " V • 
More destrat}ly, the wedge angle a is limited in the relation of (tan ^) /2 ^ a ^ tan ~ V • 

The wedge angle a is, as clear in geometry, changes corresporKling to the displacement amount 5 of the through 
hole 24 from the center of the housing 12. 

Specifically, the wedge angle a is related with the displacement amount 6, diameters D22a. ^net and D^sa of the 
50 first, second and third cylindrical surfaces 110. 113. 1 18 as in the following equation 
This equation is determined by the cosine theorem. . 

a = COS-'[{(D22a+'Dl8a)'+(Di7a-Di8a)^-«V{(D22a+D,aJ • {0 ,7^ ^ 0 

55 The wedge angle a determined in this equation is limited in the range as mentioned above to keep high the trans- 
mission efficiency of the friction roller. type speed changer as detailed hereinafter. 

During operation of the friction roller type speed changer, specifically in the illustrated example, during the power 
transmission from the central roller 4 to the outer ring 20, the wedge roller 131c receives a tangent force Fw at the inner 
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diameter side contact point 29 in the direction of the fourth ^ght line 243 as transmitted from the central roller 4 to 
the wedge roller I3lc. 

As a result the force having a magnitude 2Fw • cosa is applied to the wedge roller 131c in the direction of the 
third straight line 242. so that the wedge roller 131c is displaced toward the nan-ow width portion in the annular space 

27. 

As a result of the displacement of the wedge roller 131c toward the nan-ow width portion in the annular space 27. 
provided that at the contact portions 29. 30 on the inner and outer diameter sides, a vertical force having the magnitude 
Nw is exerted onto the first cylindrical surface 1 10 of the central roller 4 in the direction vertical to the first cylindrical 
surface 1 10. the traction force Tw for torque transmission produced at the contact portions 29, 30 on tiie inner and outer 
diameter sides is represented by the following equation: 

Tw = }i • Nw (Eq_ 1) 

On the other hand, the vertical force Nw produces a pull force to displace tiie wedge roller 131c toward the wide 
width portion in the annular space 27: The pull force has a magnitude of 2Nw • sina and applied in the direction oppo- 
site to the force of 2Fw • cosa . " 

Taking into consideration the balance in forces in the various directions, that is 2Fw • cosa = 2Nw • sina . the fol- 
lowing equation is obtained. . 

Fw = Nw • tana (Eq. 2) 

In order to transmit power with no slip caused at the inner and outer diameter side contact portions 29. 30. the foir 
lowing equation must be satisfied between tiie tangent force Fw to be transmitted and the traction force Tw; 

Fw-Tw (Eq.3) 

From Eq. 3 into which Eqs. 1 and 2 are introduced. Nw • tana s ji • Nw and ttien put in order to obtain the result 
of tan a ^ fi. 

Accordingly, with ttie relation of a ^ tan "V a satisfied, power transmission can be achieved with no slip caused at 
,the inner and outer diameter contact portions 29. 30 and witii no reduction In transmission efficiency caused slip in the 
friction roller type speed changer. ^ 

However, even when the wedge angle a is adopted to satisfy the equation of a ^ tan'V . if the wedge angle a is 
. too small, the traction force Tw is excessively large comparing with tiie tangent force Fw to be transmitted. 

The amount by which the traction force Tw is larger tiian the tangent force Fw is essentially not necessary for ti-ans- ' 
mission of the tangent force Fw. and exhausted in resilient deformation etc. at the varfous components of the friction 
roller type speed changer; which is a loss portion in power transmission. 

Therefore, by limiting the wedge angle a to satisfy the equation of (tan'V)/2 ^ a . the traction force Tw is pre- 
vented from being too large, and ttie contact pressure at tiie contact portions 29. 30 prevented from being too large, so 
tiiat Vne transmission efficiency is prevented from being reduced due to excessive contact pressure. 

Rg. 28 show a theoretical relation between the wedge angle a and the transmission efficiency When the wedge 
arigle a is larger than tan " n . a slip is caused at the inner and outer diameter side contact portions 29, 30. the trans- 
mission effidency suddenly drops as the wedge angle a increases. 

On the other hand, tiie wedge angle a is smaller than tan " V tiie loss portion, tiiat is the difference between the 
straight line X and the cun^e line Y in Fig.. 28. progressively increases with the transmission efficiency progressively 
decreased. 

And then, ttie wedge angle a is smaller than (tan \i)/2 . tiie transmission efficiency outstandingly drops due to tiie 
loss portion. 

In a more desirable specific structure, a traction oil having a traction efficiency n of 0.04 to 0.12 is provided in ttie 
respective contact portions 29, 30 to satisfy tiie equation of (tan jj/2 ^ a ^ tan ii ). In this case, the wedge angle a 
meets tiie equation of (tan ' 0.04)/2 = 1.15 degrees ^ a ^ tan 0. 1 2 = 6.84 degrees . 

"Idemitsu Trybo Review No. 12" (page 40) discloses some lubricant oils which can be used for the friction roller type 
speed-changer of the present invention. The diagram on this page 40 is incorporated into the present specification by 
reference. 

On the otiier hand, as a lubricant oil desirably used in the friction roller type speed changer, traction oils with high 
traction coefficiency can be desirable. 

The traction coeff iciencies of tiie traction oils are varied witti oil conrponents and temperature, but almost included 
in tiie range of 0.04 to 0.12. Therefore, by introducing the value ^ of from 0.04 to 0.12 into the equation of 
(tan ^i)/2 ^ a s tan ' ji . the value of the wedge angle a is determined in the range of 1 ,01 degrees to 6.84 degrees. 
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Claims 

1 . An auxiliary drive and reduction gear apparatus for a bicycle having a pair of pedals and a pair of cranks connected 
to the pedals* respectively, the apparatus comprising: 

5 ' . . 

a pedal shaft connected to the cranks to be rotatingly driven tiirough the pedals by an outer force, 
a battery for providing auxiliary drive, 

an electric motor adapted to be driven by the battery and having a control device to control the auxiliary drive, 
and a rotatable shaft for power output, and 
10 a traction roller type reduction gear comprising: 

input and output shafts each having an outer peripheral surface, 
a housing having a support shaft fixed tiiereto. 

a central rotatable member rotatably supported by the housing around a first rotation center, connected to the 
input shaft for rotation, and having a rolling outer peripheral surface portion, 
IS an outer ring rotatably having a rolling inner peripheral surface portion, connected to the output shaft, and sup- 

ported by the housing around a second rotation center, such that the second rotation center is ecceritric with 
respect to the first rotation center, 

a wedge roller having a rolling outer peripheral Surface portion, provided in a space between the cerrtral rotat- 
able member and the outer ring, the wedge roller being movable around the central rotatable member toward 

20 a narrow portion in the space between the central rotatable member and the outer ring until the rolling outer 

peripheral surface portion of the wedge roller comes into contact wfth the rolling outer peripheral siirtice por- 
tion of the central rotatable member and witti the rolling inner peripheral surface portion of the outer ring, and 
a guide roller having a rolling outer peripheral surface portion, provided in contact with the outer peripheral sur- 
face of the input shaft and the rolling inner peripheral surface portion of the outer ring, and rotatably supported 

25 by the support shaft fixed to the housing. - 

2. The auxiliary drive and reduction gear apparatus of Claim 1 . wherein the wedge roller has a shaft and the reduction 
gear contains a resilient member to push the support shaft of the wedge roller, such that the wedge roller is moved 
by the resilient member around the central rotatable member toward tiie narrow portion in the space between the 

30 central rotatable member and the outer ring. 

3. A traction roller type reduction gear comprising: 

input and output shafts each having an outer peripheral surface. . 
35 a housing having a support shaft fixed thereto. . 

a central rotatable member rotatably supported by the housing around a first rotation center, connected to the 
input shaft for rotation, and having a roiling outer peripheral surface portion. 

an outer ring rotatably having a rolling inner peripheral surface portion, connected to the output shaft, and sup- 
- ported by the housing around a second rotation center, such that the second rotation Center is eccentric with 
40 respect to the first rotation center, 

a wedge roller having a shaft and a rolling outer peripheral surface portion, provided in a space between the 
central rotatable member and the outer ring. 

a guide roller having a rolling outer peripheral surface portion, provided in contact with the outer peripheral sur- 
face of the input shaft and the rolling inner peripheral surface portion of the outer ring, and rotatably supported 

45 by the support shaft fixed to the housing, and 

a resilient member to push the support shaft of ttie wedge roller, such that the. wedge roller is moved by the 
resilient member around tiie central rotatable member toward a nanrpw portion in the space between tiie cen- 
tral rotatable member and the outer ring until tiie rolling outer peripheral surface portion of the wedge roller 
. comes into contact with tiie rolling outer peripheral surface portion of tiie central rotatable member and with the 

so rolling inner peripheral surface portion of the outer ring, 

4. The reduction gear of one of Claims 2 and 3, wherein the resilient member pushes the support shaft with a force 
between 150g and I.OOOg. 

55 
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Fig. 7 
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Fig. 10 
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Fig. 11 




29 



Fi g. 13 (A) 



EP O 856 462 A2 




30 



EP O 856 462 A2 




31 



EP0856462 A2 



Fig. 15 (A) 
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Fig. 18 
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Fig. 21 
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Fig. 22 




39 



EP 0 856 462 A2 



Fig. 24(A) 
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Fig. 24(B)- 
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Fig. 28 
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